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Description 

The present invention relates to portable radio 
equipment and is applicable to portable radios or tele- 
phones. 

Portable radio equipment is described in "Base and 
Mobile Station Antennas tor Land Mobile Radio Sys- 
tems" by Yamada et al. , published in Transactions of the 
Institute of Electronics, Information and Communication 
Engineers of Japan, vol. E 74, no. 6, June 1991 , Tokyo/ 
JP, pages 1 647-1 555, and in JP-A-62 034 404, JP-A-62 
034 405, and JP-A-60 160 229. 

In conventional portable radios, an external electro- 
magnetic wave influence causes an internal system 
such as a transmitting unit and a receiving unit to mal- 
function and to deteriorate a transmitting performance. 
Therefore, in order to avoid such a problem, there is pro- 
vided an electric shield of a metallic nature in a conduct- 
ing body of the portable radio equipment so as to cut off 
the external electromagnetic wave influence. 

However, it is confirmed by the inventors of the 
present invention that a high-frequency current flowing 
through the electric shield causes an adverse effect on 
a radiation pattern which is radiated Irom an antenna of 
the portable radio. It is presumed that a vertically polar- 
ized wave among the electromagnetic wave is relatively 
large and thus it is likely to be favorable that a gain of 
the vertically polarized wave in the vertical direction is 
large. 

An example of the conventional portable radio 
equipment where the electric shield is provided is shown 
in FIG. 1 . In the same figure, the reference numeral 102 
shows a housnng serving as the electric shield, and the 
reference numeral 103 shows an antenna. A simulation 
for the radiation characteristics of the electromagnetic 
wave in the radio-frequency of an L band is carried out 
using a model of the portable radio shown in FIG. 1 . With 
reference to FIG. 1 , dimensions tor the housing 1 02 are 
that a width thereof is 0AX, a depth 0.1 5X and a height 
Q.5K where X indicates a wavelength. The simulation is 
carried out using a small-sized model which is equipped 
with a X/4-monopole antenna and whose antenna can 
interface with a feeder without a matching circuit. A re- 
sult of the simulation is shown in FIG. 2. 

FIG. 2 shows the calculated result ol the radiation 
pattern o1 the vertically polarized wave around the an- 
tenna being placed in the center with respect to (A) x-z 
plane, (B) x-y plane and (C) y-z plane. As shown in FIG. 
1 , an x coordinate is placed in a width direction, a y co- 
ordinate Is in a depth direction and a z coordinate is In 
a parallel direction to an axis of the V4-monopole an- 
tenna The electromagnetic simulator for arbitrary mod- 
els is made on a super-computer employing a spatial 
network method. An electromagnetic field in the vicinity 
of the model was calculated by applying the simulator 
to an ordinary portable telephone model for the L band. 
A parameter for three dimensional lattice network is 80 
x 70 x 90 (Ad), where a unit length of the lattice, Ad, is 



A/40. A farfield radiation pattern is calculated from the 
electromagnetic field on a surface of a closed-area over 
the model. 

Referring to a result of the simulation pattern, the 
s radiation pattern for the x-y plane (B) which shows a pat- 
tern for a cross section vertical to the antenna is omni- 
directional (radiate the same in all directions). On the 
other hand, in the radiation pattern with respect to the 
y-z plane (C), a maximum radiation direction is indicated 
10 at approximately 50 degrees tilted from a y axis against 
a z axis and in a negative z-axis direction. As a result of 
normalization by a maximum radiation gain (a normal- 
ized pattern is a dimesionless number with a maximum 
value of unity), the radiation pattern with respect to the 
is y-z plane (C) indicates a characteristic of deterioration 
by app roximately 5 dB from the maximum radiation gain , 
compared to the maximum radiation gain on the x-z 
plane. 

FIG. 3 shows respective radiation patterns which 

20 are theoretically optimum, corresponding to FIG. 2. 

However, in a A/2-dipole antenna, the maximum ra- 
diation direction shall theoretically lie in 90 degrees from 
an antenna axis in the plane Including the antenna axis. 
Therefore, the fact that the maximum radiation direction 

2S is deflected as observed in the radiation pattern of the 
y-z pattern (C) as the above simulation result demon- 
strates that the radiation pattern of the antenna itself is 
affected and disturbed by the radio-frequency current 
flowing through the electrically shielded housing 102. 

^0 since a large radio-lrequency current may flow 
through the housing due to current distribution of the an- 
tenna itself, the radiation pattern is much affected in the 
V4-monopole antenna When the height of housing is 
converted to a corresponding electrical length and the 

35 converted electrical length is approximately equal to the 
electromagnetic wavelength, a current whose phase is 
opposite to the radio-frequency current flows on the an- 
tenna As a result, the radiation pattern in the horizontal 
direction in the portable radio is cancelled out against 

40 each other, thus causing to deteriorate the radiation gain 
in the horizontal direction. In this connection, when the 
portable radio is designed, without considering an effect 
of the housing, by calculating the radiation pattern with 
respect to the antenna alone, a desired electromagnetic 

45 radiation pattern can not be obtained because of the in- 
fluence of the housing even if the portable radio is de- 
signed such that the maximum radiation shall be ob- 
tained in 90 degrees against the antenna axis. 

FIG. 4 shows a model of a portable radio equipment 

so employing an inverted F antenna. In the same figure, 
the reference numeral 103 designates an antenna, the 
reference numeral 106 is a short-circuit wire, and the 
reference numeral 1 06 designates a feeder for a signal. 
FIG. 5 shows a calculated result of a radiation gain pat- 

55 tern for the model. In this case, too, a maximum radiation 
direction in a radiation pattern of a (C) y-z plane is de- 
flected Irom the horizontal direction (y-axis direction), 
thus indicating that the radio-frequency current flowing 
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through the housing affects to deteriorate the radiation 
pattern. 

As described above, though the electric shield is 
provided to cut oil the influence by the external electro- 
magnetic wave, conventionally there exists a problem s 
where the radiation characteristic of antenna alone is 
disturbed by the radio-frequency cu rrent flowing through 
the housing and thus the desirable radiation character- 
istic for the portable radb can not be obtained. 

It is an object of the present invention to provide a 10 
portable radio equipment capable of reducing affect 
caused by radio-frequency currents flowing through 
shielding means such as a housing and thus capable of 
improving a radiation pattern thereof. 

According to the invention, there is provided porta- 15 
ble radio equipment provided with an antenna for trans- 
mitting and receiving electromagnetic waves, a housing 
on which the antenna is mounted and having a notch 
therein, said housing being made of an electromagnetic 
shielding material, and an internal circuit connected to 20 
the antenna for generating and receiving the electro- 
magnetic waves through the antenna, 
characterized In that 

the notch is arranged in the housing in a manner 
to modify the radiation pattern caused by radio f requen- 
cy currents flowing on the housing. 

Other features and advantages of the present in- 
vention will become apparent from the following descrip- 
tion taken in conjunction with the accompanying draw- 
ings, in which: 30 

FIG. 1 shows an example of the conventional port- 
able radio equipment; FIG. 2 shows calculated re- 
sults of the radiation pattern of the vertically polar- 
ized wave around the antenna being placed in the 3S 
center with respect tox-z plane (FIG. 2A), x-y plane 
(FIG. 2B) and y-z plane (FIG. 2C) in the convention- 
al practice; 

FIG. 3 shows respective radiation patterns which 
are theoretically optimum, corresponding to FIG. 2; *o 
FIG. 4 shows a model of a conventional portable 
radio employing an inverted F antenna. 
FIG. 5 shows a calculated result of a radiation gain 
pattern for the model shown in FIG. 4. FIG. 6 shows 
a portable radio equipment according to the first *s 
embodiment for the present invention. 
FIG. 7 shows a current distrfoulion on the portable 
radb, indicated with broken lines, where there is 
provided the notch in the housing shown in FIG. 6. 
FIG. 8 shows a model of the portable radio where so 
there is provided the notch in the housing, in order 
to perform a simulation. 

FIG. 9 shows the radiation pattern obtained from the 
above model shown In FIG. 8. 
FIG. 10 shows a portable radio using an inverted F 55 
antenna, the portable radio having a notch therein. 
Fig. 1 1 shows a portable radio using a miniature an- 
tenna 103 placed over the top surface of the porta- 



ble radio. 

FIG. 12 shows a portable radio using a helical an- 
tenna. 

FIG. 13 shows another example of the portable ra- 
dio where a range of antenna length V varies from 
approximately 3/5 X to 3M 0 X and the notch 1 01 is 
provided at a distance I from the feed point to the 
notch. 

FIG. 14 shows still another example of the portable 
radio where the antenna is provided in a center of 
atop of the housing. 

FIGS 15 through 18 show the radiation patterns in 
relation to the length a of notch for a being 3/16 X, 
1/5 X, 1/4X,and 1/3 X, respectively. 
FIG. 1 9 shows a model of the portable radb where 
the notch is located at a distance I from the teed 
point of the antenna, the length of antenna is 0.25 
X, the width of the housing 102 is 0.4 X, and the 
depth of the housing 102 is 0.15 X, and the length 
of notch is 0.25 A. 

FIGS 20 through 24 show the radiation patterns in 
relation to the positions of notch with the distance i 
being 1/16 X, 5/48 X, 3/16 X, 1/4 X and 5/16 X, re- 
spectively. 

FIG. 25 shows a portable radb where there are pro- 
vided two notches in the same side of the housing. 
FIG. 26 shows an example of the portable radio 
where there are provided two notches one of which 
is provided from a side of the housing while the oth- 
er notch is provided in the opposite side of the hous- 
ing. 

FIG. 27 shows a portable radb equipment having 
an L-shaped notch. FIG. 28 shows a portable radb 
equpment having a T-shaped notch. FIG. 29A 
shows directions of the current flowing around an I- 
shaped notch. FIG . 29B shows di r actions of the cur- 
rent flowing around the L-shaped notch. FIG. 29C 
shows directbns of the current flowing around the 
T-shaped notch. 

FIG. 30 shows a portable radb equipment having a 
longitudinally tilted notch. 

FIG. 31 shows a portable radb equipment having a 
smoothly curved notch. 

FIG. 32 shows a portable radio equipment having a 
notch 101 where there is provided a coil or a ferrite 
ring in the notch. 

FIG. 33 shows a portable radb equipment having a 
notch 101 where there is provided an optical fiber 
204 for communicating a signal between an upper 
portbn of the housing and a tower portion of the 
housing. 

FIG. 34 shows a portable radio equipment utilizing 
a high resistance wire in place of the optical fiber 
shown In FIG. 33. 

FIG. 35 shows a portable radb equipment where 
whole signal wires used for an external circuit are 
the high-resistance wires. 

FIG. 36 shows a portable radb equipment which is 
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characterized in that a part of the circumlerence of 
the housing 102 is enclosed by a ferromagnetic ma- 
terial 111 such as a ferrite ring or the like. 
FIG. 37 shows an arrangement for constructing the 
portable radio equipment in which the ferromagnet- 5 
ic material 111 is attached around a part of the cir- 
cumference of the housing 102 shown in FIG. 38. 
FIG. 38 shows an example of a portable radio 
equipment where the current distribution on the 
housing can be switched by an electrical switch. 10 
FIG. 39 shows a specific construction tor the elec- 
trical switch 122. 

FIG. 40 shows another example ol the electrical 
switch 122 where the resistor 125 shown In FIG. 39 
is replaced with the high-resistance wire 1 09. is 
FIG. 41 shows still another example utilizing the 
electrical switch 122 where there is provided the ra- 
dio-frequency cable 127 with length thereof being 
an Integral multiple of V4. 

FIG. 42 shows an arrangement of the electrical 20 
switch 122. 

FIG. 43 shows a typical portable radio equipment in 
practical use equipped with a display 320, a speak- 
er 314, a microphone 313, a numeric key pad 320 
and so on. 25 
FIG. 44 shows a portable radio equipment with a 
double construction where there are provided an in- 
ner electromagnetic shield without the notch and an 
outer electromagnetic shield having notch 101 . 
FIG. 45 shows a detailed example for the seventh 30 
embodiment shown in FIG 44. 
FIG. 46 shows a cross section of the junction of the 
metal bodies 301 and 302. 
FIGS. 47A and 47B show a development illustrating 
double shields. 

FIG. 48 shows an enlarge view of the antenna and 
the vicinity of high-frequency portion shown in FIG. 
45. 

FIG. 49 shows a portable radio equipment having 
the metal body and internal circuits therein; FIG. 50 40 
shows the portable radio equipment where the ex- 
ternal body is wrapped with a paper board with cop- 
per toil on; FIG. 51 shows the portable radio equip- 
ment having the notch. 

FIGS. 52-55 show results ol the radiation pattern 45 
for the portable radios shown in FIGS. 49-51. FIG. 
52 and FIG. 54 show the result for the portable radio 
equipment having notch therein and FIG. 53 and 
FIG. 55 show the result for the portable radio equip- 
ment having no notch. so 
FIG. 56 shows an example of the eighth embodi- 
ment using a monopole antenna which is approxi- 
mately X/4 long; a cover frame of the portable radio 
equipment Is bent between a speaker 31 4 and a dis- 
play 319 and the notch 101 is provided therebe- ss 
tween. 

FIG. 57 shows a side view of the portable radio 
equipment shown in FIG. 56. 



FIG. 58 shows a portable radio equipment having a 
meandering shape viewed from a side thereof. FIG. 
58 A shows a top view thereof; FIG. 58B shows a 
perspective view thereof; FIG. 58C shows a side 
view thereof. 

FIG. 59 A shows a portable radio equipment having 
the notch 101 where the top surface thereof is tilted 
and the display 31 9 is mounted on the tilted top sur- 
face. FIG. 59B shows a side view of the portable 
radio equipment shown in FIG. 59A. 
FIG. 60 shows a portable radio equipment having 
an external input-output terminal therein where a 
plug 129 thereof is provided below the notch 101 
and at a lower side of the housing. 
FIG. 61 and FIG. 62 show still another example of 
the fold-type portable radio equipment having the 
external input-output terminal. 
FIG. 63 shows a portable radio equipment where 
there is utilized a built-in miniature antenna such as 
the inverted F antenna suitable for a strong electric 
field and a waiting state, and there is also utilized a 
monopole antenna which is approximately a half- 
wavelength long and is pulled up for usage thereof 
at a weak electric field and for a communication pur- 
pose. 

FIG. 64 shows a typical diversity-branch type port- 
able radio equipment. FIG. 65 shows a diversity- 
branch portable radio equipment according to the 
tenth embodiment. 

FIG. 66 shows a diversity-branch portable radio 
equipment where the antennas 103 and 103' are 
monopole antenna of quarter wavelength. FIG. 67 
shows a top view of the equipment shown in FIG. 
66. 

FIG. 68B shows a variation, based on the embodi- 
ment shown in FIGS. 66 and 67, characterized in 
that there are utilized the inverted F antenna in 
place of the quarter-wavelength monopole anten- 
na. FIG. 68A shows a top view of the equipment 
shown in FIG. 6SB. 

FIG. 69B shows another variation, based on the 
embodiment shown in FIGS. 66 and 67, character- 
ized in that there are utilized normal-mode helical 
antennas. FIG. 69B shows a top view of the equip- 
ment shown In FIG. 69A. 

FIG. 70 shows a portable radio equipment having 
retractable monopole antennas 103 and 103*. FIG. 
71 shows an example of the portable radio equip- 
ment combining the notch 101 and the internal cir- 
cuits. 

FIG. 72 shows another example of the portable ra- 
dio equipment combining the notch 101 and the in- 
ternal circuits. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Features of the present invention will become ap- 
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parent in the course of the following description of ex- 
emplary embodiments which are given for illustration of 
the invention and are not intended to be limiting thereof. 
Embodiments ot the present Invention will now be de- 
scribed with reference to the drawings. 

Embodiment No. 1 

FIG. 6 shows a portable radio equipment according 
to the first embodiment for the present invention. In the 
same figure, a transmitting unit and a receiving unit are 
not shown. With reference to FIG. 6, the reference nu- 
meral 102 designates a housing serving as an electric 
shield and the reference numeral 103 is an antenna. The 
reference numeral 101 indicates a notch provided in the 
housing 102. 

FIG. 7 shows a current distribution on the portable 
radio, indicated with broken lines, where there is provid- 
ed the notch in the housing 102. Suppose that the an- 
tenna 103 is a 1/4-wavelength monopole antenna (1/4 
wavelength will be referred to as 1/4 X hereinafter). The 
notch 101 is provided in the vicinity of 1/4 X away from 
a feeding point of the antenna 103 (indicated with € in 
FIG. 7), and the notch is approximately 1/4 X long. 

Thus, a length of from the top end of the antenna 
103 to a left end of the notch 101 is approximately 1/2 
X in terms of measurement in electrical length. There- 
lore, a current distribution is one which is indicated with 
broken lines (a). Since the length of the notch 101 is 
approximately 1/4 X, the current distribution around the 
notch 101 shall be as indicated with broken lines (b) and 
(c). It is to be noted that since the respective current 
distributions (b) and (c) exhibit same amplitudes with op- 
posite phase to each other, electromagnetic waves ra- 
diated from those currents are cancelled out. In other 
words, since there disappears a portable radio's contri- 
bution to electromagnetic wave radiation due to the 
notch 101, a radio-frequency current flowing through the 
housing attributive to the radiation can be reduced and 
a desired radiation pattern can be obtained by simply 
providing a notch in the housing. 

There will be shown a simulation result of a radiation 
pattern in the portable radio in which there is provided 
the notch 101 in the housing 102. 

FIG. 8 shows a model of the portable radio where 
there is provided the notch 101 on the housing 102, in 
order to perform the simulatbn. In this model, a length 
from the feeding point of the anlenna 103 to the notch 
101 is 1/4 X and the notch 101 is 1/4 X tang. 

FIG. 9 shows the radiation pattern obtained from the 
above model shown in FIG. 8. In the same figure, a co- 
ordinate system is same as in FIG. 2 and FIG. 3, and 
the antenna 103 is placed vertical to an x-y plane. Thus, 
there Is shown an omnidirectional (circular) character- 
istic In the x-y plane. In the x-z or y-z plane Including an 
axis of the antenna, the expected maximum radetion 
directions lies in an x axis of the x-z plane and in a y axis 
of the y-z plane. Accordingly, compared to the radiation 



patterns for the conventional portable radios shown in 
FIG. 2, the radiation patterns for the portable radio 
equipment according to the present invention are im- 
proved since the affect by the radio-frequency current 
5 flowing through the housing is reduced. 

In FIG. 10, FIG. 11 and FIG. 12, examples which 
use other antennas than the 1/4 X monopole antenna 
are shown. 

FIG. 10 shows a portable radio using an Inverted F 
10 antenna. In the same figure, The housing 102 is con- 
nected to the inverted F antenna 103 via a short-circuit 
wire 106 and the feeder 107. There is provided a notch 
1 01 of length a, the notch is away from a feeder by length 
€ (approximately 1/4 X). FIG. 1 1 shows a portable radio 
using a miniature antenna 103 placed over the top sur- 
face of the portable radio. FIG. 12 shows a portable ra- 
dio using a helical antenna 103. In both FIG. 11 and FIG. 
12, there are provided notches with length a and posi- 
tioned at € so that the distribution ot the radio^frequency 
current flowing through the housing 102 varies to reduce 
its influence to the radiation pattern. 

FIG. 13 shows another example of the portable ra- 
dio where a range of antenna length €' varies from ap- 
proximately 3/5 X to 3/1 0 X and the notch 1 01 is provided 
at a distance I from the feed point to the notch so that 
the distribution of the radio-frequency current flowing 
through the housing 102 is changed. Thereby, the radi- 
ation characteristics of the portable radio can be Im- 
proved and a gain of the antenna can be increased. 

In a portable radio as shown in FIG. 14 where the 
antenna 1 03 is provided in a center of a top of the hous- 
ing 102, there can be obtained the same effect where 
the high-frequency current distribution is changed to im- 
prove the radiation characteristics. 

Next, FIGS 15 through 18 show the radiation pat- 
terns in relation to the length a of notch for a being 3/1 6 
X, 1/5 X, 1/4 X and 1/3 X, respectively. 

Comparing those radiation patterns, with reference 
to FIG. 1 5 with the length of notch being 3/16 X, the max- 
imum radiation direction in the y-z plane (FIG. 15C) lies 
in a right downward inclined direction and a left down- 
ward inclined direction , thus indicating that there is little 
effect by providing the notch. On the contrary, with ref- 
erence to FIG. 16 with the length of notch being 1/5 X, 
the radiation pattern in the y-z plane (FIG. 16C) shows 
the same level of gain in the horizontal direction and the 
right downward inclined as well as the left downward in- 
clined directions, thus indicating that there is a certain 
effect obtained by providing the notch. In particular, with 
reference to FIG. 17 and FIG. 18 with the length of 
notches being 1/4 X and 1/3 X, respectively, the maxi- 
mum radiation direction lies in the horizontal direction, 
thus indicating that there is a significant effect obtained 
by providing the notch. As observed above, varying the 
length of notch can change the radiation pattern of the 
portable radio. Further, there can be obtained a most 
desirable radiation pattern by combining the length of 
notch, a shape of notch, a position of notch and the 
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number ol notch. 

Now, attention is directed to the position of the 
notch, as compared to the length ol notch as described 
above. Let us use a model shown in FIG. 1 9 where the 
notch is located at a distance £ from the teed point ot 
the antenna, the length of antenna is 0.25 A, the width 
of the housing 1 02 is 0 .4 A, and the depth of th e housing 
1 02 is 0.15 A, and the length ol notch is 0.25 A. FIGS 20 
through 24 show the radiation patterns in relation to the 
position of notch with the distance £ being 1/16 A, 5/48 
A, 3/16 K 1/4 A and 5/16 A, respectively. 

Compared the radiation patterns shown in FIGS 20 
th rough 24 to ones of the portable radio having no notch- 
es (FIG. 2), with reference to FIG. 20 where the notch 
is located at a distance £ of 1/16 A, though the radiation 
characteristic is changed by providing the notch, there 
are some improvements and some minor deteriorations 
In the horizontal plane (FIG. 20B). However, with refer- 
ence to FIG. 21 where the notch is located at approxi- 
mately 0. 1 X (5/48 X), there is only improvement and no 
deterioration. With reference to FIGS. 22 through 24 
where the notch locations are from 5/48 X to 5/16 X, 
there Is observed no deterioration. According to the 
above data, il the notch is located off by more than ap- 
proximately 0.1 X, there is observed a positive effect of 
providing a notch and the radiation pattern in the hori- 
zontal direction is improved. The above results indicate 
that the location of the notch can be not only at approx- 
imately 1/4 X but also at other distances to have a pos- 
itive effect of having notch in the housing of the portable 
radio equipment. Therefore, the distance £ ot the notch 
can be adjusted according to a certain condition. 

Next, FIG. 25 and FIG. 26 show an example of the 
portable radio having a plurality of notches 101 in com- 
bination to vary the distribution of the radio-frequency 
current flowing through the housing 102 so that the ra- 
diation characteristics of the portable radio can be im- 
proved. 

FIG. 25 shows a portable radio where there are pro- 
vided two notches in the same side of the housing 102. 
With reference to FIG. 25, there are provided two notch- 
es of length a, b on the side close to the feed point of XI 
4 antenna. Suppose that the length a, b of notches and 
distance £ from the feed point to the first notch are ap- 
proximately A/4, and distance n from the first notch to 
the second notch is approximately A/2 . 

In the above configuration shown in FIG. 25, as 
have described in regard to FIG. 7, the first notch lies in 
a loop of the radio-frequency current and, moreover, the 
second notch placed at a distance of approximately A/2 
from the first notch also lies in the loop of the high-fre- 
quency, thus the radiation characteristics being further 
improved, it shall be appreciated that though the effects 
of radiation characteristics are somewhat less effective 
when £ and n are set to other than XI A and A/2, respec- 
tively, the position and length of the notches can be de- 
signed freely according to a designing situation. 

FIG. 26 shows an example of the portable radio 



where there are provided two notches one of which is 
provided from a side of the housing 102 while the other 
notch is provided in the opposite side of the housing 102. 
Suppose that respective length of the notches are a and 

5 b, and a distance from the top end ol the housing to the 
first notch 101 is indicated with £ and a distance from 
the top end ol the housing to the second notch 101 is 
indicated with n. In this embodiment represented by 
FIG. 26, by providing the two notches at a relatively 

10 close distance therebetween and providing one notch 
from one side and other from the opposite side, the ra- 
dio-frequency current can be concentrated around the 
two notches. 

In the above embodiment represented by FIG. 26, 
15 the distribution of radio-frequency current is localized in 
a concentrated area, moreover, there are provided two 
notches at an opposite direction to each other so that 
phases of the radio frequency can be made to coincide. 
A significant effect can be obtained when length a, b Is 
20 approximately XI A , and distance £ is approximately A/4 
and distance n is designed to be longer than £. 

Embodiment No. 2 

25 FIG. 27 and FIG. 28 show portable radio equipment 
having different types of notches 101 . 

FIG. 27 shows a portable radio equipment having 
an L-shaped notch 151. In the same figure, let respec- 
tive length of the notch 1 51 be a for a horizontal line and 

30 b for a vertical line as shown in the figure. In this em- 
bodiment, the length of the notch 151 is adjusted such 
that (a + b) equals to approximately A/4. 

FIG. 28 shows a portable radio equipment having a 
T-shaped notch 153. In the same figure, let respective 

35 length of the notch 1 53 be c for a horizontal line and d 
for a vertical line as shown in the figure. In this embod- 
iment, the length of the notch 153 is adjusted such that 
(c + d) equals to approximately Aft. 

In above embodiments as shown in FIG. 27 and 

40 FIG. 18, length £ Irom the feeding point of the antenna 
103 is set to approximately A/4 and the total length of 
the notch is set to approximately */4, in other words, a 
total circumference of the notch that equals to (a + b + 
b + a) is set to approximately A/2, so that the same effect 

45 can be obtained as set forth a9 in FIG. 6. The embodi- 
ments represented by FIG. 27 and FIG. 28 can be useful 
when size of a conductive body , i.e. housing, is rela- 
tively small. 

FIG. 29 illustrates directions ol the current flowing 
so around the notch. FIG. 29A shows directions of the cur- 
rent flowing around an l-shaped notch. FIG. 29B shows 
directions of the current flowing around the L-shaped 
notch. FIG. 29C shows directions of the current flowing 
around the T-shaped notch. 
55 with reference to FIG. 29A through FIG. 29C, the 
currents flowing along the notch are considered that the 
current flowing along an upper side of the notch is op- 
posite in direction and same in amplitude to the current 
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flowing along a lower side of the notch so that the cur- 
rents are cancelled oul, thus not contributing affects 
thereof to the radiation. Therefore, by providing such 
notches as illustrated In FIG. 29, It Is possible to mini- 
mize the affect of the radio-frequency flowing through 
the housing 102 on the radiation pattern. When the width 
of the portable radio equipment is shorter than A/4, it is 
difficult to provide the l-shaped notch in the housing 1 02. 
In that case, the L-shaped and T-shaped notches will be 
useful. In other words, when the width of the portable 
radio equipment is less than A/4 and it is physically dif- 
ficult or impossible to provide a notch due to a restriction 
caused by arrangement of internal units of the housing 
such as a transmitting unit or a receiving unit, a degree 
of freedom in terms of designing a notch as well as the 
portable radio equipment as a whole is increased by 
adopting an L-shaped or T-shaped notch as illustrated 
in FIG. 29. 

FIG. 30 and FIG. 31 show another embodiment in 
providing a notch to the housing 102. 

FIG. 30 shows a portable radio equipment having a 
longitudinally tilted notch 155. FIG. 31 shows a portable 
radio equipment having a smoothly curved notch 157. 
By providing the tilted notch and curved notch to the 
housing 102 as illustrated in FIG. 30 and FIG. 31 , there 
can be obtained the same effect as in FIG. 6. In other 
words, by providing such notches as in FIG. 30 and FIG. 
31 , the distribution of current flowing through the hous- 
ing is altered so as to reduce the affect thereof on the 
radiation pattern. 

Embodiment No. 3 

FIG. 32 shows a portable radio equipment having a 
notch 101 where there is provided a coil 104 or a lerrite 
ring 105 in the notch 101 so as not to short-circuit the 
notch. A self-inductance value for such elements as the 
coil 104 and the ferrite ring 105 are preferably at least 
a few u,H so that a desired length for the notch can be 
secured. 

In the present invention, there is provided means 
for changing the current distribution on the housing so 
as to change the current distribution of the radio fre- 
quency and thereby improve the radiation characteristic 
of the whole portable radio equipment Therefore, since 
the (ess the radio-frequency current is generated on the 
housing the less the electromagnetic wave is radiated, 
the longer the width of the notch 101 becomes the great- 
er the improvement on the radiation characteristic be- 
comes. 

In the third embodiment, strength in the whole port- 
able radio equipment can be secured by inserting, be- 
tween the notch, a dielectric such as a glass epoxy FRP, 
a Teflon base plate or a usual plastic so as to fix the 
housings, thereby obtaining the same effect as de- 
scribed before. 

There is shown another example lor the third em- 
bodiment in FIG. 33. FIG. 33 shows a portable radio 



equipment having a notch 101 where there is provided 
an optical fiber 204 for communicating a signal between 
an upper portion of the housing and a lower portion of 
the housing. In this embodiment, the notch 101 is pro- 
5 vided at a distance of approximately A/4 from a top end 
of the housing and the length of the notch 1 01 is approx- 
imately A/4 long. The shape of the hosing 1 02 is arbitrary 
to a certain degree. The antenna 103 is set on either 
end of a longitudinal side of the housing 1 02. In FIG. 33, 
the reference numerals 201 and 202 show internal cir- 
cuits, for example, 201 for a transmitting or receiving 
circuit and 202 for a control circuit, a synthesizer or a 
receiving or transmitting circuit. 

In this embodiment represented by FIG. 33, the em- 
bodiment is characterized in that there is provided the 
optical fiber 204 for communicating the signal between 
an upper portion and an lower portion of the notch via 
the optical fiber 204 which is non-conductive. In other 
words, the transmitting/receiving circuit 201 and the 
control circuit 202 are connected via an electric signal 
wire 106 through which an electric signal is inputted and 
out putted. The electric signal communicated through 
the electric signal wire 108 is converted to an optical 
signal by a photoelectrical transfer unit 203, and there- 
after the optical signal is transferred through the optical 
fiber 204 bridging between the notch 1 01 , and then the 
optical signal is converted to an electric signal by a pho- 
toelectrical transfer unit 203 so that the signal Is trans- 
ferred through the electric signal wire. 

Accordingly, by employing the nonconductive ma- 
terial for the signal wire crossing through the notch 1 01 , 
an electromagnetic radiation can be prevented and the 
communication ol signals between the notch 101 can 
be performed without a loss of the effect of having the 
notch 101 . With reference to FIG. 33, the internal circuits 
201 and 202 are, for instance, circuits such as a control 
circuit or the like which deal with a signal of relatively 
iowfrequency. An external circuit 110 is for a key pad or 
a display (see FIG. 35). FIG. 34 shows a portable radio 
equipment utilizing a high resistance wire 109 in place 
of the optical fiber 204 shown in FIG. 33. 

With reference to FIG. 34, the relerence numeral 
201 designates a receiving circuit, 202 a transmitting cir- 
cuit, 113 an antenna shared device, 114 a synthesizer, 
115a control ci rcuit and 1 1 6 is a power source. The ref- 
erence numeral 117 indicates a radio-frequency cable 
tor transferring the radio-frequency signal. There is pro- 
vided the signal wires from the control circuit 115 to the 
transmitting circuit 202, and among such signal wires 
the high-resistance wire is utilized for a portion crossing 
the notch 101 and for the rest of area there are used 
cables for baseband digital or analog signaJ. In this em- 
bodiment represented by FIG. 34, the transmitting cir- 
cuit 202 and the receiving circuit are separately dis- 
posed In the upper portion and the tower portion of the 
housing, respectively, so that the number of type of the 
signal to be transferred through the notch 101 can be 
reduced and the number of the signal wires can also be 
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reduced. 

FIG. 35 shows a portable radio equipment where 
whole signal wires used for an external circuit 110 are 
the high-resistance wires 109. In particularly the exter- 
nal circuit 110, there exists a great influence ol the elec- 
tromagnetic wave radiated torm the current flowing 
through the signal wire. Therefore, by replacing the sig- 
nal wires (for connecting the external circuits disposed 
in the upper and lower portion of the notch 101 ) by the 
high-resistance wires, the influence of the electromag- 
netic wavo upon the radiation characteristic can be re- 
duced. 

Embodiment No. 4 

FIG. 36 shows a portable radio equipment which is 
characterized in that a part of the circumference ol the 
housing 102 is enclosed by a ferromagnetic material 11 1 
such as a territe ring or the like. Since in general the 
ferromagnetic material 111 presents a high resistance 
in a high-frequency area, the distribution of the radio- 
frequency current flowing through the housing 102 can 
be changed by enclosing the pari of the housing 102 
with the ferromagnetic material. Differing from the em- 
bodiments where the housing has the notch therein, the 
distribution of the radio-frequency current flowing 
through the housing 102 can be changed without de- 
forming the housing in any way. Therefore, the electric 
wave radiation characteristic can be improved without 
deforming or rearranging base plates, circuit parts or 
signal wires and so on already provided in the housing. 

FIG. 37 shows an arrangement for constructing the 
portable radio equipment in which the ferromagnetic 
material 111 is attached around a part ol the circumfer- 
ence of the housing 102 shown in FIG. 36. With refer- 
ence to FIG. 37, a ferrite 111a (H-shaped portion indi- 
cated with hatched lines) and a ferrite iiib are provided 
in a D-shaped portion of the housing 102-a and the 
housing 102-b, respectively. Anything may be suitable 
if the housing is of conductive nature. The housing may 
be such that a dielectric such as a plastic serving as an 
outer frame is provided where in an inner surface of the 
outer frame there may be provided a conductive thin film 
and conductive coating or the like. The housing 102a 
and 102b are arranged so that the ferrite lite and the 
ferrite Mb do not contact with the housing 102a and 
102b, respectively. Metals 112a and 1 1 2b combined are 
arranged to be electrically contacted to an outside of the 
□-shaped portion of the housings 112-a and 112~b so 
that a an inside of a ring constituted by combining the 
lenttes Ilia and Itlb is electromagnet ically shielded. Ac- 
cordingly, there is provided an electromagnetic shield 
against the outside of the housing 102 and the inside of 
the ferrite ring, and a high-frequency signal component 
tending to penetrate the ferrite ring can be shielded. 



Embodiment 5 

The present invention is characterized in that the 
radiation pattern of the electromagnetic wave is Im- 

5 proved by providing the notch in the housing. In addition 
to the feature of the present invention characterized in 
having the notch in the housing, it is possible to have a 
diversity function by switching the distribution of the ra- 
dio-frequency current flowing through the housing so as 

10 to change the radiation pattern of the electromagnetic 
wave. 

FIG. 38 shows an example of a portable radio 
equipment where the current distribution on the housing 
can be switched by an electrical switch. In this embod- 

i& iment, the electric wave which arrives at the portable ra- 
dio equipment is received by the antenna 103, and a 
signal S1 received by the antenna 1 03 is fed to a receiv- 
ing circuit 104 and a evaluation circuit 120. In the eval- 
uation circuit 120, an error rate of an input signal S1 is 

20 detected and a transmitting and receiving state is eval- 
uated. For example, when a time-division multiplex ac- 
cess is utilized for a communication system, evaluatbn 
is carried out using the Input signal S1 during a time 
zone of no transmitting or receiving in your own portable 

25 radio equipment after confirming by an input signal S2 
that a radio terminal in use by yourself is not transmitting 
or receiving. In such manner as mentioned above, a dis- 
turbance against the transmission and receive due to a 
noise generated at the time of switching can be elimi- 

30 nated without information behg interrupted during com- 
munication. 

The evaluation circuit 120 sends out a evaluation 
signal S3 to a switch driver 121 in terms of a signal 
strength of the input signal S1 . The evaluation signal S3 

35 js given on the basis of, say, a voltage, current and so 
on. In the switch driver 121 , sent to the electrical switch 
122 is a control signal S4 which instructs the electrical 
switch 122 to close or open the electrical switch 122 
based on the evaluation signal S3 sent from the evalu- 

40 ation circuit 120. Upon receipt of the control signal S4, 
the radio-frequency electrical switch 122 provided in the 
proximity of an open end of the notch 101 switches over 
between a short-circuit and open of the open end of the 
notch 101. 

45 in a practical use, a diversity system of the radio 
terminal is first operated at a test mode of transmission 
or receive. Namely, after confirming by the signal S2 that 
the portable radio equipment of your own is not trans- 
mitting or receiving, the evaluation circuit 1 20 sends out 

50 to the switch driver 121 a signal instructing make and 
break of the electrical switch 122 at a predetermined in- 
terval, and the respective input signals S1 when the 
electrical switch 122 is opened and the electrical switch 
122 is short-circuited are stored as data in a memory 

55 within the evaluation circuit 120. For the two states, re- 
spective error rates of the input signals are detected and 
compared so as to evaluate which one is a better trans- 
mitting/receiving state. 
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One whose receiving state is better is chosen based 
on an evaluation result, and the electrical switch 122 is 
chosen so as to keep such a state. Then S3 is sent out 
to the switch driver 121 bnstructing to send to the elec- 
trical switch 122 and hold the signal S4 indicating the 
chosen state. 

Accordingly, after operating at the test mode, the 
evaluation circuit becomes an evaluation mode lor eval- 
uating S1 lor a predetermined duration of time and at a 
predetermined interval. Only when a transfer quality o1 
the Input signal S1 is inferior to a predetermined state, 
the radio terminal becomes the test mode again. It shall 
be appreciated that the transfer quality may be exam- 
ined routinely alter the predetermined duration of time 
elapses. 

Even when the information quality deteriorates, 
switching the high-lrequency electrical switch 122 
makes possible that the portable radio equipment ter- 
minal is used with the radiation pattern being switched 
in accordance with the quality. 

FIG. 39 shows a specific construction lor the elec- 
trical switch 122. FIG. 39 shows an enlarged view of the 
notch 101 provided In the housing 102. With relerence 
to FIG. 39, a diode 123 is connected to an end of an 
open end- ol the notch 102-a. A resistor 125 and a ca- 
pacitor 124 are connected in parallel 1o the diode 123. 
The other end of the resistor 125 is connected to a con- 
trolled potential 126 and the other end of the capacitor 
1 24 is connected to the other end of the open end of the 
notch 102-b. 

When a direct current flows through the electrical 
switch 122, a resistance value of the diode 123 is de- 
creased, so that the radio-frequency current flows and 
the open end 102-a of the notch 101 is short-circuited 
to the other open end 102-b of the notch 101 through 
the capacitor 1 24. Moreover, the capacitor 1 24 prevents 
the direct current from flowing to the housing 102, and 
the capacitor 124 operates to be short-circuited against 
the radio-frequency current. Assuming that a voltage of 
the controlled potential is at a level of approximately 5 
V, a value of the resistor 1 25 may be approximately 1 K 
ft and a value of the capacitor 1 24 may be approximate- 
ly 10 pF. 

FIG. 40 shows another example of the electrical 
switch 122 where the resistor 125 shown In FIG. 39 is 
replaced with the high-resistance wire 109. 

FIG. 41 shows still another example utilizing the 
electrical switch 1 22 where there is provided the high- 
frequency cable 127 with length thereof being an inte- 
gral multiple of A/4. An Inner conductor of the high-fre- 
quency cable is placed close to an open end 102-a of 
the notch 101, and an outer conductor of the high-fre- 
quency cable 127 is grounded at a corresponding point 
in the open end 102-b of the notch 101. 

By this configuration illustrated in FIG 41 , the oper- 
ation of the electrical switch 122 can be changed ac- 
cording to the length of the high-frequency cable 127. 
Namely, when the length of the high-frequency cable 



127 equals to an odd-integral multiple of quarter wave- 
length of the frequency used for transmission or receive, 
the notch 101 is opened when the electrical switch 122 
is short-circuited whereas the notch 101 is circuited 
5 when the electrical switch 122 is opened. When the 
length of the high-lrequency cable 127 equals to an 
even-integral multiple of quarter wavelength of the fre- 
quency used for transmission or receive, the notch 101 
is short-circuited when the electrical switch 1 22 is short- 
to circuited while the notch 101 is opened when the elec- 
trical switch 1 22 is opened. As far as the electrical switch 
1 22 is located in the vicinity of the open end of the notch 
101, an effect thereof can be maintained. 

FIG. 42 shows an arrangement of the electrical 
is switch 122. When the electrical switch is relatively a 
large-sized, a part of the notch 101 may be extended in 
a vertical direction as illustrated in FIG. 42 so that the 
electrical switch 122 can be positioned within the notch 
101. However, even though the electrical switch 122 is 
so not fit perfectly within the notch 1 01 , the operation of the 
electrical switch 122 may not be affected. 

Embodiment No. 6 

25 There have been shown the portable radio equip- 
ment having the notch or notches therein in order to alter 
the radio-frequency current distrbution and improve the 
radiation pattern of the electric wave. 

However, the portable radio equipment in practical 

30 use must be equ ipped with a display 320, a speaker 31 4, 
a microphone 31 3, a numeric key pad 320 and so on as 
shown in FIG. 43. The display 320 and the numeric keys 
320 particularly require relatively many set of signal 
wires. Thus, when the notch 101 is covered with such 

35 signal wires, there may be a case where it is rather dif- 
ficult to alter the distribution of the radio-frequency cur- 
rent by providing the notch 101 alone. However, taking 
action to avoid such inconvenience may result in a com- 
plicated and time-consuming task. Moreover, besides a 

40 problem of the signal wires, that such components as 
the display 320, speaker 314, microphone 313, numeric 
keys 320 and so on may cover the notch 101 may sig- 
nificantly reduce the effect of the notch 101. 

In order to solve such problems, there are provided 

45 means for shielding the electromagnetic wave be 
means of a double construction which is electrically in- 
sulated and wherein the notch is not provided in the in- 
ner electromagnetic shield while there is the notch in the 
outer electromagnetic shield, in this sixth embodiment. 

so FIG. 44 shows a portable radio equiprhent with a 
double construction where there are provided an inner 
electromagnetic shield without the notch and an outer 
electromagnetic shield having notch 101. In the same 
figure, there are provided a meteJ body 1 02-a and a met- 

55 al body 102-b so as to form the double construction. 
There is provided the notch 101 in the outer metal body 
102-a It shall be appreciated that the metal bodies 
102-a, 102-b can be anything having a shielding effect, 
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lor example, there can be considered metat with con- 
ductive coating and plating (aluminum plating, nickel 
plating, etc), copper, aluminum and so on, or material 
combined. A bag-like thing made of a metal thin film may 
be utilized as the inner metal body 102-b, and a plastic 
Irame or the like may be utilized as the outer metal body 
102-a. 

FIG. 45 shows a detailed example for the sixth em- 
bodiment shown In FIG. 44. With reference to FIG. 44, 
an internal circuit board 304 is enclosed by the metal 
body 301 and 302. In the circuit board 304, there are 
mounted a transmitting portion 305 and a receiving por- 
tion 306, a control circuit, low-frequency circuit, a power 
supply portion 307 and a feed portion to the antenna. 
The notch 101 is provided in the metal body 301, 302. 
The metal body 302 may be such that, for instance, the 
conductive coating is applied to a frame formed by a 
plastic and thereon the nickel is plated. The notch 101 
can be formed by masking on the plastic frame when 
applying the conductive coating. The notch 101 can be 
formed in the metal body 301 in the same manner. No 
plating is performed on mounting portions for a connec- 
tor, the antenna, the microphone and so on. The con- 
ductive coating is applied to a hole for the feed portion 
of the antenna 103. Accordingly, the plated conductive 
portions in the metal bodies 301 , 302 are electrically in- 
sulated r> non-conductive coated portions of junction of 
the metal bodies 301,302. 

FIG. 46 shows a cross section of the junction of the 
metal bodies 301 and 302. The inner part and outer part 
of the metal body which is constructed by the metal bod- 
ies 301 and 302 are covered with conductive members 
such as plating, and the these conductive members are 
electrically insulated. Therefore, the metal bodies 301 
and 302 must be connected so that the inner part and 
the outer part thereof remain insulated to each other 
(see FIG. 47). 

With reference to FIG. 45, on the body 301 there is 
provided a board 321 in which the display 31 9 and an 
electrical line of a key pad 320 are mounted. The board 
321 is a ranged so as not to interfere with the effect re- 
alized by the notch 101 and in a manner that the board 
321 is not overlapped with the position of the notch 101 . 
In a similar way, the speaker 31 4 is mounted to the body 
301 so that the speaker 314 is not overlapped with the 
position of the notch 111. 

There are provided some holes in the body 301 , so 
that connectors connecting the board 321 and a control 
circuit 307 and jacks 37 connecting external plugs such 
as an earphone and a head set can be connected to the 
control portion 307. In particular, the antenna 103 is also 
connected to a feed point through a hole provided in the 
body 301. 

In this embodiment, there is used a A/4 monopole 
antenna of a spring-type device having a very thin radi- 
us. The antenna is fixed on the conductive body by the 
connector 323. The reference numeral 311 indicates an 
antenna connector. 



The reference numeral 325 and 31 5 construct a bat- 
tery box, and the conductive member such as plating is 
applied up to and point of the notch 1 01 so as to be elec- 
trically shielded. The battery box is connected to the 

5 bodies 301, 302 through a power connector 308. The 
bodies 301 and 302 are covered with a plastic body 31 2 
and a battery box panel 325 so as to constitute a port- 
able radio equipment. 

FIG. 48 shows an enlarge view of the.antenna and 

10 the vicinity of high-frequency portion in the sixth embod- 
iment shown in FIG. 45. 

A ground terminal 332 of an antenna duplexer or 
switch 307 is short-circuited to a ground 326 of the 
board, and a circuit 367 in the vicinity of the antenna 1 03 

1S and the antenna duplexer or switch 307 is enclosed by 
the metal body 302 mounted on the back of a ground 
326, the metal body 301 and the board 304 so as to be 
shielded. The board 304 is a multiple layer type board, 
and in order to increase the shield effect of the board 

20 there are provided through holes around the ground 
326. 

A transmit terminal 328 and a receive terminal 327 
of the antenna duplexer or switch 307 are connected to 
a transmitting portion 305 and a receiving portion 306, 

£5 respectively, through terminals 360, 361 on the board 
and wires on a board below the ground 326. Other wires 
used for other control pass through these through holes. 
It is to be noted that when an Interval is set to a distance 
sufficiently smaller than the wavelength, there will be 

30 caused no influence over the shielding effect. The 
ground 326 has contact with an internal conductor of the 
metal body 302 but does not have contact with an ex- 
ternal conductor of the metal body 302. The antenna 
1 03 is connected to an antenna terminal 327 of the an- 

3S tenna shared device 307 through a matching circuit 330 
for the antenna and feeder. 

FIG. 47 shows a detailed figure to show the bodies 
according to the above sixth embodiment. 

The bodies 301 and 302 are mads of dielectric such 

to as a plastic, and an electric conductive material is fixed, 
applied or plated on a surface thereof so as to serve as 
an electromagnetic shield. Especially in this sixth-em- 
bodiment, the electromagnetic shield is provided in dou- 
ble construction so as to improve the radiation pattern 

45 effectively. In the double construction of the electromag- 
netic shield, a conductive portion in each double shield 
is not electrically connected to each other. A portion a 
and portion a' shown in the cross section and a notch 
portion, that are, portion shown with no hatching in the 

so figure are such that plating Is not performed by means 
of a masking or the like. 

The body 302 is designed to be inserted to the body 
301 , and when inserted the body 302 is divided into an 
internal plating portion and a notch-made external plat- 

ss (ng portion by the portion a and the portion a' in terms 
of the high frequency; the plating is carried out in a man- 
ner that the internal portion comes in contact with the 
external portion in a portion where the antenna is insert- 
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ed. The notches 101 are made on the body 301 and the 
body 302 so that the notches are combined together 
when inserted. 

In this sixth embodiment, the electrical insulation 
between the internal conductor and the external con- 
ductor is not absolutely necessary, and a part thereof 
may be electrically contacted as will be described below. 

FIGS 49-51 show a model, used in an experiment 
carried out by the applicants, where there is provided 
the notch in the metal body containing the metal body 
having radio circuits therein. FIG. 49 shows a portable 
radio equipment having the metal body and internal cir- 
cuits therein; FIG. 50 shows the portable radio equip- 
ment where the external body is wrapped with a paper 
board with copper foil on; FIG. 51 shows the portable 
radio equipment having the notch. Assume that there is 
no radio-frequency point between the external body and 
the Internal body. 

FIGS. 52-55 show results of the radiation pattern 
for the portable radios shown in FIGS. 49-51. FIG. 52 
and FIG. 54 show the result for the portable radio equip- 
ment having notch therein and FIG. 53 and FIG. 55 show 
the result lor the portable radio equipment having no 
notch. Observing the results, the maximum directional 
gain comes closer to the horizontal direction. Accord- 
ingly, it is observed that the radiation pattern can be im- 
proved by providing the notch and without changing the 
internal circuits at all. It shall be appreciated that even 
though the external conductor comes in contact with the 
internal conductor at an antenna feed portion, radiation 
from the internal metal body is reduced on account of 
Faraday effect and there can be obtained the effect of 
having the notch in the external body. 

FIG. 71 shows an example of the portable radio 
equipment combining the notch 101 and the internal cir- 
cuits. The notch 101 is provided just below the speaker 
314 in which there are relatively lewer signal wires as 
compared to the display 319 and the switch 320 for the 
numeric keys. The signal wires are gathered together to 
be guided into the conductive body by way of a connec- 
tor 318. 

FIG. 72 shows another example of the portable ra- 
dio equipment combining the notch 101 and the internal 
circuits. The signal wires for the display 31 9 and the the 
numeric keys switch 320 are guided into the conductive 
body in the vicinity thereof by way of respective connec- 
tors thereof 318. The notch 101 is provided between the 
display 31 9 and the numeric keys switch 320. 

Embodiment No. 7 

In the future, there will be an occasion that the port- 
able radio equipment is so compact-sized and often- 
times is placed and carried in a chest pocket. However, 
the portable radio equipment is susceptible to a human 
body and thus a radiation characteristic of the equip- 
ment fluctuates significantly. It is already known by a 
study result earned out by the inventors of the present 



invention that a radiation efficiency of an electric-field 
antenna decreases when the antenna approaches to 
the human body. Thus, there is a problem where the ra- 
diation characteristic deteriorates due to an influence ol 

s the human body when the portable radio equipment is 
carried in the chest pocket or the like. 

Though the antenna is designed to be placed fur- 
ther away from the human body, the antenna may acci- 
dentally faces up closer to the human body instead as 

10 far as the portable radio equipment is placed in the chest 
pocket. In this connection, a direction of the antenna 
need be kept in a determined direct ion. However, it is 
not realistic to force a user to put the portable radio 
equipment in one fixed direction every time the equtp- 

is ment is put in the chest pocket of the user. Moreover, 
when the portable radio equipment becomes more and 
more compact-sized the antenna approaches ever 
close to the head of the human body. In this case, It is 
already confirmed by the inventors of the present inven- 

£0 tion that the radiation characteristic of the equipment is 
greatly influenced by the human body. 

When communicating information using the porta- 
ble radio equipment having a display thereon, conven- 
tionally the dispfay is often located near a center of the 

2S equipment so that the portable radio equipment must be 
taken out of the chest pocket to see the display. To al- 
leviate such troublesome action, there are considered 
the following embodiments. 

FIGS. 56 and 57 show an example of the seventh 

30 embodiment using a monopoJe antenna which is ap- 
proximately A/4 long. A cover frame of the portable radio 
equipment is bent as illustrated in the figure between a 
speaker 314 and the display 319 and the notch 101 is 
provided therebetween. As shown in FIG. 57 , an angle 

35 bent 8 is tor example an approximately 30 degrees from 
the vertical line. The antenna 103 is mounted on top of 
the housing along the same bent direction with the dis- 
play 319 mounted on the conductive body. The antenna 
103 is covered with an elastic dielectric such as vinyl 

40 radome and an element in the monopole antenna is 
made of a very thin spring or wire whose diameter is, 
say, approximately A/100. A distance between a trans- 
mitting unit and a receiving unit is approximately 15 cm 
though the distance shall vary depending on a shape of 

^5 the portable radb equipment. 

FIG. 58 shows a portable radio equipment having 
the notch 101 and a meandering shape viewed from a 
side thereof. FIG. 58A shows a top view thereof; FIG. 
58 B shows a perspective view thereof; FIG. 58C shows 

so aside viewthereof. The antenna 103 may be an inverted 
F antenna for instance. The antenna 103 can be made 
of a conductor wire whose diameter is approximately 
1/100 of antenna diameter, or can be made by construct- 
ing a strip line on the dielectric board by means of etch- 
es ing or the like. 

FIG. 59A shows a portable radio equipment having 
the notch 101 where the top surface thereof is tilted and 
the display 31 9 is mounted on the tilted top surface. FIG. 
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59B shows a side view ol the portable radio equipment 
shown in FIG. 59A. The antenna 103 utilizes, lor in- 
stance, a helical antenna covered with the radome and 
is disposed parallel to a longitudinal axis of the housing. 

Embodiment No. 8 

There is a case where an external input-output ter- 
minal such as a earphone terminal, an external power 
terminal and an external microphone terminal is provid- 
ed on the body of the portable radio equipment. When 
an external system is connected to the terminal, it is con- 
firmed by the inventors of the present invention that the 
radiation characteristic deteriorates since the radio-fre- 
quency current flows through the external system. 

in order to solve such a problem, the lollowing con- 
figuration is considered. 

FIG. 60 shows a portable radio equipment having 
an external input-output terminal therein where a plug 
129 of the earphone and headphone or the like is pro- 
vided below the notch 101 and at a lower side of the 
housing if the longitudinal direction of the equipment is 
held vertically. When there are provided a transmitting 
piece and a receiving piece on the portable radio equip- 
ment body, a jack 1 30 which is plugged in the plug 129 
not only sends the transmit-receive signal but also 
serves as a switch by which the signal to the transmit- 
ting-receiving pieces mounted on the portable radio 
equipment body can be cut off. 

FIG. 61 and FIG. 62 show still another example ot 
the fold-type portable radio equipment having the exter- 
nal input-output terminal. The jack 129 is provided in an 
opposite side of the body having the notch 101 against 
the antenna 103, regardless of the folded or open posi- 
tions. If the notch 1 01 is provided in an upper-half portion 
of the fold-type portable radio equipment and a second 
notch is not provided in a corresponding lower-half por- 
tion, the radio-frequency current may be distributed over 
the corresponding portion in thB lower-half portion of the 
housing so that the radiation pattern unwantedly fluctu- 
ates. Thus, by providing such notch 101 in the lower- 
half portion too as in FIG. 63B, such a problem can be 
solved when the fold-type portable radio equipment is 
in a folded position. Then, the communication is carried 
out using the earphone or microphone 313. 

Embodiment No. 9 

FIG. 63 shows a portable radio equipment where 
there is utilized a built-in compact (miniature) antenna 
such as the inverted F antenna suitable for a strong elec- 
tric field and a waiting state, and there is also utilized a 
monopole antenna which is approximately a half-wave- 
length long and is pulled up for usage thereof at a weak 
electric field and for a communication purpose. In this 
case, a direction of the minimum directional gain is 
known to be directed downwardly, thus causing a prob- 
lem considering the fact that the electric wave generally 



arrives from a horizontal direction. 

A diversity antenna branch in current use is such 
that one is the monopole antenna which is approximate- 
ly quarter-wavelength long and the other is the inverted 
s F antenna, as shown in FIG. 63. In this case, each op- 
erational gain between the two antenna differs from the 
other's, so that even if a correlation factor between the 
antennas is tow a high diversity gain can not be ob- 
tained. 

10 in conventionally diversity-branch portable radio 
equipment, the two small antennas are disposed at quite 
a distance from each other, as shown in FIG. 64. This 
is because the radiation from the conductive body is rel- 
atively large when the small antenna Is utilized and thus 

75 the correlation factor for the antenna does not come 
down and because influence by the human body is 
greater compared to the half-wavelength monopole an- 
tenna In view of the foregoing problem, there can be 
considered that the radiation pattern can be changed so 

2Q as to realize the diversity function by means of interac- 
tion between the two antennas caused by locating the 
monopole antenna closer to the other antenna. Howev- 
er, in this case, an impedance thereof Is changed due 
to the interaction between the antennas, so that a 

2S matching circuit will be required to solve such an extra 
problem, thus being an unrealistic solution. 

In an antenna-switching diversity in the convention- 
al portable radio equipment, a plurality of antennas are 
provided in the close proximity, so that mutual imped- 

30 ance must be taken into consideration since interaction 
between the antennas is not negligible. Therefore, 
though there has been a suggestion that a matching cir- 
cuit shall be mounted at the feed point, it is very difficult 
to have an identical radiation efficiency among respec- 
ts tive antennas so as to obtain a h igh diversity gain, since 
various types of antenna are often used to construct the 
diversity branch so that the influence of the human body 
against respective different antennas differs by each an- 
tenna and a matching loss for the antenna and feeder 

& also differs by each antenna. To make the problem 
worse, a value of the I matching circuit must be changed 
in terms ol a conductor toss of the matching circuit and 
the influence of the human body. 

In view of the above drawbacks, with reference to 

45 FIG. 66, there is provided a portable radio equipment 
having the notch 1 91 therein with a plurality of antennas. 

In FIG. 65, there are provided an antenna 103 and 
an antenna 103* disposed next to the antenna 103 both 
of which are mounted on the top surface of the housing 

so 1 02. By providing the notch 1 01 on the side of the body 
102 close to the antenna 103, the radio-frequency cur- 
rent flowing from the notch to the bottom on this side is 
reduced. As a result, an electromagnetic radiation from 
the conducting body decreases. In other side of the body 

ss 102 in the vicinity of the antenna 103, by not providing 
the notch on this side there is distributed a radio-fre- 
quency current from the top of the conducting body to 
the bottom, and the radiation of the antenna is affected 
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by the current, thus the radiation thereof being signifi- 
cantly present indicating that the effect of providing the 
notch is rarely present. Knowing accordingly, a proper 
use can be realized between a diversity of the antennas 
and a plurality of antennas, so that the radiation pattern 
can be freely changed. 

FIG. 66 shows a diversity-branch portable radio 
equipment where the antennas 103 and 103* are mo- 
nopole antenna of quarter wavelength. The reason tor 
selecting such length is because the current flowing 
through the conductive body mounting the antennas 
with such length is relatively large and the provision of 
the notch plays an important role. Accordingly, since the 
correlation factor ol the antenna is small and the maxi- 
mum actual gains thereof are substantially equal, the 
diversity antenna branch can be constructed having an 
increased diversity gain. The each antenna may be ar- 
ranges in a position so that the interaction between the 
antennas remains weak. The antennas 103 and 103' 
may be mounted in a different side ol the conductive 
body Irom one where the transmitting or receiving piec- 
es are mounted, so that the influence caused by sub- 
jecting the equipment to the head of the human body 
can be minimized. Moreover, the diversity method may 
be applied such that the equipment becomes a diversity 
after detecting the electric wave, thus improving practi- 
cality of this ninth embodiment Moreover, in the similar 
manner, the circuit required for a radio portion can be 
merely one circuit, thus realizing in further compactness 
of the equipment. 

FIG. 68 shows a variation, based on the embodi- 
ment shown FIG. 66, characterized in that there are uti- 
lized the inverted F antenna in place of the quarter- 
wavelength monopole antenna Since the current flow- 
ing through the conductive body is considered to be 
large, the notch plays an important role. Moreover, the 
tips of the antennas 1 03 and 1 03 may be bent so as to 
economize a space required for the antennas and to re- 
duce interaction therebetween by avoiding being too 
close to each other. This embodiment is suitable for re- 
alizing the built-in antennas since height of the antennas 
is made comparatively short. 

FIG. 69 shows another variation, based on the em- 
bodiment shown in FIG. 66, characterized in that there 
are utilized normal-mode helicaJ antennas. In the port- 
able radio equipment according to the embodiment 
shown in FIG. 69, the antennas can be made compact- 
sized and can be placed away from the human body. 

FIG. 70 shows a portable radio equipment having 
retractable half -wavelength antenna 1 03 and and invert- 
ed F antenna. A half-wavelength monopole antenna on 
the conducting body radiates a close field of the half- 
wavelength dipole antenna, since the current flowing on 
the conducting body is less than than that of a quarter- 
monopole antenna. However, the radiation from the in- 
verted-F antenna is affected by the current on the con- 
ducting body as in the case of the quarter-wavelength 
monopole antenna. Therefore, the gain of the inverted- 



F antenna is weaker than that of the half-wavelength 
monopole antenna in the absence of a notch on the con- 
ducting body. By providing the notch on the conducting 
body at a side near the inverled-F antenna, a undesira- 
s ble current on the conducting body is reduced and the 
difference of the gains between two types of antennas 
are minimized. The equipment represented by FIG. 70 
is used for a telephonic communication since there is 
caused less influence Irom the head of the human body 
10 as compared to the built-in type antennas. The antenna 
103' is the inverted F antenna which is suitable and uti- 
lized for a waiting state. It shall be appreciated that there 
may be provided an electrical switch for automatically 
switching the feed circuit trom the antenna 103 to the 
is inverted F antenna 103' when the antenna 103 is 
pushed down to be contracted. 

The antenna to be used for the above all embodi- 
ments may be the monopole type antenna, the inverted 
F antenna, the normal-mode helical antenna or other 
20 antennas used widely for the portable radio equipment. 
The present invention can also be applied toother radio 
equipment including a housing serving as electromag- 
netic shield, an antenna attached to the housing and 
transm it-receive circuits therein such as radio-type card, 
2S radio-type personal computer, radio LAN, various com- 
pact radio base station. 

As described above, by employing the present in- 
vention, the Influence of the radio-lrequency currents 
flowing through the shield means can be minimized, 
30 thus improving significantly the radiation pattern of the 
portable radio equipment 

Besides those already mentioned above, many 
modifications and variations of the above embodiments 
may be made without departing from the novel and ad- 
ss vantageous features of the present invention. 



Claims 

1 . Portable radio equipment provided with an antenna 
(103) lor transmitting and receiving electromagnetic 
waves, a housing (102) on which the antenna is 
mounted and having a notch (101) therein, said 
housing being made of an electromagnetic shield- 
ing material, and an internal circuit connected to the 
antenna (1 03) for generating and receiving the elec- 
tromagnetic waves through the antenna (103), 

characterized in that 

the notch (101) is arranged in the housing 
(102) In a manner to modify the radiation pattern 
caused by radio frequency currents flowing on the 
housing (102). 

2. The portable radio equipment according to claim 1 , 
wherein the antenna (1 03) Is an inverted F type min- 
iature antenna ( 1 03) disposed on the housing (1 02). 

3. The portable radio equipment according to claim 1 , 
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wherein the antenna (103) is a miniature type an- 
tenna (103) disposed over a top ot the housing 
(102). 

4. The portable radio equipment according to any pre- 
ceding claim, wherein the antenna (103) is approx- 
imately quarter wavelength long and the notch 

(101) is disposed at a distance of approximately 
quarter wavelength from a top end of the housing 

(102) . 

5. The portable radio equ ipment according to any pre- 
ceding claim, wherein the notch (101) is approxi- 
mately quarter wavelength long. 

6. The portable radio equipment according to any pre- 
ceding claim, wherein a plurality of notches (101) 
are disposed In the housing (102). 

7. The portable radio equ ipment according to any pre- 
ceding claim, wherein the internal circuit includes a 
first circuit (202) for transmitting the electromagnet- 
ic wave and a second circuit (201) for receiving the 
electromagnetic wave, and the first circuit is dis- 
posed in an upper portion of the notch in a case 
where the second circuit is disposed in a lower por- 
tion of the notch (Figs. 33-34). 

8. The portable radio equipment according to any pre- 
ceding claim, wherein lerromagnetic material (111 ) 
is attached around a part of the circumference ol 
the housing (102). 

9. The portable radio equipment according to any pre- 
ceding claim, wherein the housing (102) includes 
receiving means (104) connected to the antenna 

(103) for receiving one electromagnetic wave (S1) 
from the antenna (103) and oulputting a signal (S2) 
when the antenna (103) does not receive another 
electromagnetic wave and does not transmit the 
electromagnetic wave, evaluation means (120) 
connected to the antenna (103) and the receiving 
means (104) for detecting an error rate of the one 
electromagnetic wave (S1 ) supplied from the anten- 
na (103) and oulputting an evaluation signal (S3) 
on the basis of the detected one electromagnetic 
wave when receiving the signal (S2) from the re- 
ceiving means (104), switch driver means (121) 
connected to the evaluation means (120) for receiv- 
ing the evaluation signal (S3) from the evaluation 
means (120) and outputting a control signal (S4) 
based on the received evaluation signal (S3), and 
switch means (122) disposed in the vicinity of an 
open end of the notch (101) and connected to the 
switch driver means (121) for electrically opening 
and short-circuiting the open endol the notch (101) 
in response to the control signal (S4) supplied from 
the switch driver means (121) (Fig. 38). 



10. The portable radio equipment according to any pre- 
ceding claim, wherein the housing (102) has an in- 
ternal conductive shield thereinside (Fig. 37). 

5 11. The portable radio equipment according to claim 
10, wherein the internal conductive shield includes 
an internal body (102-b) and an external body 
(102-a) having the notch therein, the internal body 
(102-b) and the external body (102-a) are made of 

w electric conductive material and include conductive 
coating and plating such as aluminum plating and 
nickel plating, copper, aluminum, or material com- 
bined thereof, and the internal body (1 02-b) and the 
external body (102-a) are Insulated to each other 

is (Figs. 37, 39,41). 

12. The portable radio equipment according to claim 
10, wherein the housing (102) further hasa noncon- 
ducllve frame body disposed on the internal con- 

20 ductive shield. 

13. The portable radio equipment according to any pre- 
ceding claim, wherein a plurality of monopole an- 
tennas being quarter wavelength long are mounted 

25 on the housing (102). 

14. The portable radio equipment according to claim 
13, wherein a plurality of converted F antennas or 
helical antennas, or in combination, are disposed 

30 on the housing (1 02) so as to constitute a diversity 
branch. 

15. The portable radio equipment according to claim 
10, wherein the internal conductive shield is made 

3S of conductive coating or conductive material. 

16. The portable radio equipment according to any pre- 
ceding claim, wherein the electromagnetic shield- 
ing material includes an internal conductive body 

40 and an external conductive body. 

17. The portable radio equipment according to any pre- 
ceding claim, wherein a nonconductive frame body 
is disposed on the electromagnetic shielding mate- 

45 rial. 



Patentanspruche 

so 1. Tragbare Funkvorrichtung, ausgestattel mil elner 
Antenna (103) zum Senden und Empfangen eiek- 
tromagnetischer Wellen, einem Gehause (102), auf 
welchem die Antenne angsbracht ist und welches 
einen Einschnitt (101) darin aufweist, wobei das 

55 Gehause aus einem elektromagnetisch abschlr- 
menden Material besteht, und einer mil der Anten- 
ne (103) verbundenen Innenschaltung zum Erzeu- 
gen und Empfangen der elektromagnetischen Wel- 



14 



27 



EP0 548 975 B1 



28 



len uberdie Antenne (103), 

dadurch gekennzeichnet, daB 

dar Einschnitt (101 ) in dem Gehause (102) in 
einer Weise angeordnel isl, daB das Strahlungsdia- 
gramm modifiziert wird, welches von auf dem Ge- 
hause (102) flieBenden Hochfrequenzstromen be- 
wirkt wird. 

2. Tragbare Funkvorrichtung nach Anspruch 1 , wobel 
die Antenne (1 03) eine umgedrehte F-Typ-Miniatur- 
antenne ist, welche aul dem Gehause (102) ange- 
ordnel ist. 

3. Tragbare Funkvor richtung nach Anspruch 1 , wobel 
die Antenne (103) eine Miniaturantenne (103) ist, 
welche uber einer Oberserte des Gehauses (102) 
angeordnet ist. 

4. Tragbare Funkvorrichtung nach einem der vorste- 
henden Anspruche, wobei die Antenne (103) etwa 
die Lange etnes Viertels der Wellenlange aufwerst 
und der Einschnitt (1 01 ) in einem Absland von etwa 
einer Viertelwellenlange von einem oberen Ende 
des Gehauses (102) entlernt ist. 

5. Tragbare Funkvorrichtung nach einem der vorste- 
henden Anspruche, wobei der Einschnitt (101 ) etwa 
eine Viertelwellenlange lang ist. 

6. Tragbare Funkvorrichtung nach einem der vorste- 
henden Anspruche, wobei mehrere Einschnrtte 
(101) in dem Gehause (102) angeordnet sind. 

7. Tragbare Funkvorrichtung nach einem der vorste- 
henden Anspruche, wobei die Innenschaltung eine 
erste Schaltung (202) zum Senden der elektroma- 
gnetischen Welle und eine zweite Schaltung (201) 
zum Empfangen der elektromagnetischen Welle 
enthalt, und die erste Schaltung in einem Abschnitt 
Ober dem Einschnitt in einem Fall angeordnet, bei 
welchem die zweite Schaltung in einem Abschnitt 
unter dem Einschnitt angeordnet Isl. 

8. Tragbare Funkvorrichtung nach einem der vorste- 
henden Anspruche, wobel ein ferromagnelisches 
Material (11 1 ) um einen Teil des Umfanges des Ge- 
hauses (102) herum angebracht ist. 

9. Tragbare Funkvorrichtung nach einem der vorste- 
henden Anspruche, wobei das Gehause (102) eine 
mit der Antenne (103) verbundene Empfangsein- 
richtung (104) zum Empfangen einer elektroma- 
gnetischen Welle (S1) von der Antenne (103) und 
Ausgaben elnes Signals (S2), wenn die Antenne 
(103) keineandere elektromagnetlsche Welle (103) 
empfangt und die elektromagnetische Welle nicht 
sendet, eine mit der Antenne (103) und der Emp- 
fangseinrichtung (104) verbundene Bewertungs- 



einrichtung (120) zum Detektieren einer Fehlerrale 
der einen von der Antenne (103) gelieferten elek- 
tromagnetischen Welle (S1 ) und zum Ausgeben ei- 
nes Bewertungssignals (S3) aul der Basis der einen 

S detektierten elektromagnetischen Welle, wenn das 
Signal (S2) aus der Empfangseinrichlung (104) 
empfangen wird, eine mit der Bewertungseinrich- 
tung (120) verbundene Schallertreibereinrichtung 
(121 ) zum Empfangen des Bewertungssignals (S3) 

io aus der Bewertungsschaltung (120) und zum Aus- 
geben eines Steuersignals (S4) aul der Basis des 
emplangenen Bewertungssignals (S3), und eine 
Schalteinrichtung (122) enthalt, die in der Nahe ei- 
nes offenen Endes der Elnschnittes (101 ) angeord- 

*5 net und mit der Schaltertrebereinrichtung (121) 
verbunden isl, um das offene Ende (101) als Ant- 
wort auf das von der Schaltertreibereinrichtung 
(121) gelieterte Steuerslgnal (S4) elektrisch zu 6ff- 
nen Oder kurzzuschlieBen (Fig. 38). 

20 

10. Tragbare Funkvorrichtung nach einem der vorste- 
henden Anspruche, wobei das Gehause (102) eine 
darin befindllche leitende Innenabschirmung auf- 
weist (Fig. 37). 

2S 

11. Tragbare Funkvorrichtung nach Anspruch 10, wo- 
bei die leitende Innenabschirmung ein Innengehau- 
seteil (102-b) und ein AuBengehauseleil (102-a) mil 
e'mem Einschnilt darin enthalt, das Innengehause- 

30 teil (102-b) und das AuBengehauseleil (102-a) aus 
einem elektrisch leitenden Material bestehen und 
eine leitende Beschichtung und Plattierung wie z.B. 
eine Aluminiumplaltierung und Nickelplattierung, 
Kupfer, Aluminium oder ein daraus kombiniertes 
3S Material enthalten, und das Innengehauseteil 
(102-b) und das AuBengehauseleil (102-a) gegen- 
einander isoliert sind (Fig. 37, 39, 40). 

12. Tragbare Funkvorrichtung nach Anspruch 10, wo- 
40 bei das Gehause (102) lemer ein nichllertendes 

Rahmengehauseteil aufweist, welches auf der lei- 
tenden Innenabschirmung angeordnet isl. 

13. Tragbare Funkvorrichtung nach einem der vorste- 
« henden Anspruche, wobei mehrere Monopotenten- 

nen, welche eine Lange einer Viertelwellenlange 
aufweisen, auf dem Gehause (102) angebracht 
sind. 

so 14. Tragbare Funkvorrichtung nach Anspruch 13, wo- 
bei mehrere umgedrehte F-Antennen oder Wendel- 
antennen, oder diese in Kombination aul dem Ge- 
hause (102) angeordnet sind, um so eine Diversity- 
Anordnung zu bilden. 

55 

15. Tragbare Funkvorrichtung nach Anspruch 10, wo- 
bei die leitende Innenabschirmung aus einer leiten- 
den Beschichtung oder einem leitenden Material 
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besteht. 

16. Tragbare Funkvorrichtung nach ein em dar vorste- 
henden AnsprOche, wobei das elektromagnetische 
Abschirmungsmalerial ein leitenden Innengehau- 
setell und ein leitendes AufJengehauseteil umfaOt. 

17. Tragbare Funkvorrichtung nach einem der vorste- 
henden AnsprOche, wobei ein nichtleilendes Rah- 
mengehauseteil auf dam elektromagnetischen Ab- 
schirmungsmaterial angeordnel ist 



Revendlcatlons 

1. Equipement de radio portable comportant une an- 
tenna (103) pour transmettre el recevoirdes ondes 
electromagnetiques, un logement (102) sur lequel 
I'antenne est montee et comprenam une encoche 
(101), ledit logement etant constitue d'un materiau 
de protection eledromagnetique, et un circuit inter- 
ne connects a I'antenne (103) pour produire et re- 
cevoir les ondes eiectromagnetiques par rinterme- 
diaire da I'antenne (103), 

caracterise en ce que : 

I'encocha (101) est disposes dans le logement 
(102) de manlere a modifier le diagramme de 
rayonnement provoque par les courants de 
haute frequence circulant sur le logemerrt 
(102). 

2. Equipement de radio portable selon la revendica- 
tbn 1, dans lequel Panlenne (103) est une antenna 
miniature du type en F inverse (103) disposed sur 
le logement (102). 

3. Equipement de radb portable selon la revendi ca- 
tion 1, dans lequel I'antenne (103) est une antenna 
du type miniature (103) disposee sur ia partie su- 
perieure du logement (102). 

4. Equipement de radio portable selon Tune quelcon- 
que des revendications precedent es, dans lequel 
I'antenne (103) a approximatrvement une longueur 
d'un quart de longueur d'onde et I'encocha (101) est 
disposee a une distance cf environ un quart de lon- 
gueur d'onde par rapport a I'extremite superieure 
du logement (102). 

5. Equipement de radio portable selon i'une queicon- 
que des revendications precedentes, dans lequel 
I'encoche (101) a une longueur d"environ un quart 
de longueur d'onde. 

6. Equipement de radb portable selon i'une quelcon- 
que des revendications precedentes, dans lequel 
une multitude cfencoches (101) sont disposees 



dans le logement (102). 

7. Equipement de radio portable selon I'une quebon- 
que des revendications precedentes, dans lequel le 

5 circuit interne comporte un premier circuit (202) 
pour transmettre I'onde electromagnet ique et un se- 
cond circuit (201) pour recevoir I'onde electroma- 
gnetique, et le premier circuit est dispose dans la 
partie superieure de I'encoche dans le cas ou le se- 

10 cond circuit est place dans la partie inferieure de 
I'encoche (Figures 33-34). 

8. Equipement de radio portable selon I'une quetcon- 
que des revendications precedentes, dans lequel 

75 un materiau ferromagndtique (111) est fixe autour 
dune partie de la circonierence du logement (1 02). 

9. Equipement de radio portable selon I'une quetcon- 
quedes revendications precedentes, dans lequel le 

?0 logement (102) comporte un moyen de reception 
(104) connects a I'antenne (103) pour recevoir una 
onde elect romagn at ique (S1 ) provenant de I'anten- 
ne (103) et sortir un signal (S2) lorsque I'antenne 
(103) ne recoil pas une autre onde electromagneti- 
cs que et ne transmet pas I'onde electromagnetique, 
un moyen devaluation (120) connects a I'antenne 
(103) et au moyen de reception (104) pourdetecter 
un taux d'erreur de cette onde electromagnetique 
(St) tournie a partir de I'antenne (103) et sortir un 
30 signal devaluation (S3) sur la base de I'onde elec- 
tromagnetique detect ee lors de la reception du si- 
gnal (S2) provenant du moyen de receptbn (104), 
un moyen d'attaque de commutateur (121 ) connec- 
ts au moyen cf evaluation (120) pour recevoir le si- 
35 gnal d'6vatuatbn (S3) en provenance du moyen 
devaluation (120) et sortir un signal de commando 
(S4) sur la base du signal devaluation recu (S3), et 
un moyen de commutateur (122) dispose dans le 
voisinage de I'extremite ouverte de I'encoche (101 ) 
40 et connecte au moyen dattaque de commutateur 
(121) pour ouvrir et court-circuiter electriquement 
I'extremite ouverte de I'encoche (101) en reponse 
au signal de commande (S4) foumi a partir du 
moyen dattaque de commutateur (1 21 ) (figure 38). 

45 

10. Equipement de radio portable selon I'une quebon- 
quedes revendications precedentes, dans lequel le 
logement (102) comporte interieurement un ecran 
conducteur interne (figure 37). 

so 

11. Equipement de radio portable selon la revendica- 
tion 10, dans lequel I'ecran conducteur interne com- 
porte un corps interne (102-b) et un corps externa 
(102-a) comportant I'encoche, le corps Interne 

55 (1 02-b) et le corps externe (102-a) sont constitu6s 
d'un materiau conducteur de I'electrbite et com- 
prennent un revetement et un placage conducteurs 
tels qu'un placage d'atuminium et un placage de 
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nickel, du cuivre, de I'aluminium, ou un materiau ob- 
tenu par combinaison de ceux-ci, et le corps interne 
(102-b) el le corps externe (102-a) sont isdes I'un 
de rautre (figures 37, 39, 41). 

5 

12. Equipement de radio portable selon la revendica- 
tton 10, dans lequel le logement (102) comporte en 
outre un corps de chassis non conducteur dispose 
sur l'ecran conducteur interne. 

10 

13. Equipement de radio portable selon rune quelcon- 
que des revendications precedent es, dans lequel 
une multitude cfantennes monopolaires d'une lon- 
gueur d'un quart de longueur d'onde sont monies 
sur le logement (102). is 

14. Equipement de radio portable selon la revendi ca- 
tion 13, dans lequel une multitude d'antennes en F 
inverse ou cfantennes h6licoTdales, ou en combi- 
naison, sont disposees sur le logement (102) de 
maniere a constituer une branch© de diversite. 

15. Equipement de radb portable selon la revendica- 
tbn 10, dans lequel l'ecran conducteur interne est 
constitue d'un revetement conducteur ou d'un ma- 2S 
teriau conducteur. 

16. Equipement de radio portable selon rune quelcon- 
que des revendications precedentes, dans lequel le 
materiau de protection Glectromagnetique com- so 
prend un corps conducteur interne et un corps con- 
ducteur externe. 

17. Equipement de radio portable selon I'une quelcon- 
que des revendications prececientes, dans lequel 3S 
un corps de chassis non conducteur est dispose sur 

ie materiau de protection electromagnet ique. 
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